ABSTRACT. A malignant epithelioid schwannoma of the oral cavity was diagnosed in an 8-year-old domestic short-hair cat. The mass was located in the gingiva of the upper left premolar to molar region and showed multinodular growth patterns. The mass comprised epithelioid cells arranged in densely packed sheets. Tumor cells had large, round to oval nuclei with prominent nucleoli and an abundant eosinophilic cytoplasm. Immunohistochemically, most of the tumor cells were positive for S-100 protein, glial fibrillary acidic protein and vimentin, but all lacked melanoma-associated antigen and muscle and neuroendocrine markers. Stains for type IV collagen showed linear immunoreactivity around single cells and groups of cells. Ultrastructurally, tumor cells were separated by a well-defined basement membrane, and interdigitating cell processes were observed. To our knowledge, this is the first report of feline malignant epithelioid schwannoma. KEY WORDS: feline, malignant epithelioid schwannoma, oral cavity.
Schwannomas (peripheral nerve sheath tumors) are common tumors of the peripheral nervous system of domestic animals and have been reported in dogs [3] , cats [14] , horses [13] and cows [15] . By contrast, malignant epithelioid schwannoma is an unusual variant of peripheral nerve sheath tumor that closely resembles carcinoma or melanoma because the tumor comprises exclusively Schwann cells with a polygonal epithelioid appearance [1, 8] . In humans, this tumor was reported to originate from peripheral nerves including the sciatic, facial, digital and antebrachial cutaneous nerves [17] . In domestic animals, only two canine cases in the trigeminal nerve [12] and subcutaneous tissue [5] have been described. In the present study, we describe the first case of feline malignant epithelioid schwannoma in the oral cavity.
An 8-year-old, intact female domestic short-hair cat was presented to the local private animal hospital with a 6-week history of swelling of the left maxillofacial area. A large gingival mass was observed at the left upper premolar to molar teeth. There was no previous medical or surgical history. The gingival mass was surgically removed and fixed in 10% buffered formalin. The mass was 3.0 × 1.0 × 0.6 cm in size and solid and firm with an irregular surface. At the cut surface, the mass was greyish-white and exhibited multinodular growth patterns (Fig. 1) . At the first admission to hospital, metastasis was not observed in the thoracic and abdominal cavity by radiographic and computed tomography examinations.
The mass was embedded in paraffin wax. Serial sections were cut at 3 µm and stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), Gomori's reticulin silver impregnation and for immunohistochemistry. The following primary antibodies were used: S-100 protein (Nichirei Biosciences, Tokyo, Japan), vimentin (Nichirei), glial fibrillary acidic protein antibody (GFAP, Nichirei), type IV collagen (Dako Japan, Kyoto, Japan), cytokeratin (CK) AE1/ AE3 (Nichirei), α-smooth muscle actin (SMA, Dako Japan,), desmin (Dako Japan), calretinin (Zymed Laboratory, South San Francisco, CA, U.S.A.), PNL2 (Dako Japan) and Melan-A (Dako Japan) ( Table 1 ). The localization of the antigens was visualized with 3,3′-diaminobenzidine solution (Dako Japan). Finally, the sections were counterstained with hematoxylin. To investigate the proliferation rate of the tumor cell population, Ki-67 MIB-1 (Ki-67, Dako Japan) positive nucleoli were scored by counting at least 1,000 cells in representative × 400 high-power fields. For electron microscopic examination, the formalin-fixed sample was cut into 1 mm 3 blocks, post-fixed in 1% buffered osmium tetroxide and embedded in epoxy resin. Sections (about 70 nm thick) were stained with uranyl acetate and lead citrate and examined using a transmission electron microscope (H-7650, Hitachi, Tokyo, Japan).
Microscopically, at low-power view, the mass was not encapsulated and had grown invasively into the vertical margin in multinodular patterns (Fig. 2) . The major components of the tumor were epithelioid cells arranged in densely packed sheets (Fig. 3) . Tumor cells had large, centrally located, round to oval nuclei, and the nucleoli were usually single and prominent. The amount of eosinophilic cytoplasm in the tumor cells was variable, and the cytoplasmic borders were distinct. Occasionally, atypical cells with intranuclear eosinophilic pseudoinclusions were observed (Fig. 4) . The mitotic index was 5 in 10 × 400 high-power fields. Hemorrhage and focal necrosis were observed. PAS staining revealed glycogen granules in the cytoplasm of the tumor cells, and silver staining showed a delicate network of reticulin fibers around nests and along sheets of cells (Fig. 5 ). As shown in the other histological findings, a few individual mast cells were scattered throughout the tumor, and aggregations of small numbers of lymphocytes and neutrophils were observed. Immunohistochemically, most of the tumor cells were strongly and diffusely positive for S-100 protein (Fig. 6A) , GFAP ( Fig. 6B) and vimentin (Fig. 6C) , and CK AE1/AE3 positive cells were scattered. S-100 protein staining was found in the cytoplasm and nuclei of the tumor cells. By contrast, none of the tumor cells expressed melanoma-associated antigens (Melan-A, PNL2), muscle markers (desmin, SMA) or neuroendocrine markers (calretinin). Immunostaining for type IV collagen outlined a latticework of basement membrane material around individual cells (Fig. 6D) and groups of cells. The Ki-67 proliferation index was 35% (Table 1) .
Ultrastructurally, the polygonal tumor cells were separated by variable amounts of collagen fibers, and some cells showed long cytoplasmic processes (Fig. 7) . Interdigitating cell processes were also observed. Cytoplasmic margins were well defined, and a basal lamina enveloped each cell. Nucleoli were large and irregular, and cytoplasmic organelles, such as mitochondria, rough endoplasmic reticulum, free ribosomes, glycogen granules and Golgi apparatus, were sparse. Occasionally, intracytoplasmic bundles of microfilaments and lysosome-like granules were seen (Fig. 8) , but melanin granules, axons, myelin or microtubules were not observed.
Generally, schwannoma is an encapsulated nerve sheath tumor comprising two components: a highly ordered cellular component (Antoni A area) and a loose myxoid component (Antoni B area) [18] . Verocay bodies are rows of nuclear arrangements that are separated by anuclear zones of eosinophilic fibrillar material and are common in Antoni A areas; these are also seen in feline tumors [14] . Like a conventional schwannoma, epithelioid variants of schwannoma develop as a circumscribed and encapsulated mass, but Antoni A and B patterns are not observed in the epithelioid population as this case.
Differentiating between a benign and malignant epithelioid schwannoma is sometimes difficult, because both types have a similar morphological appearance. But, usually, benign epithelioid schwannoma shows superficial location, small size, low mitotic activity, insignificant cellular atypia, lack of necrosis and a high degree of schwannian differentiation [7] . The malignant epithelioid form is unusual, and the most characteristic appearance is densely packed multinodules of epithelioid cells arranged in a sheet-like pattern with large, round, pleomorphic nuclei with prominent nucleoli and the high mitotic index [1, 9, 12] .
The labeling indices of tumor proliferation markers, such as Ki-67 and p53, differ between benign and malignant schwannomas. In humans, the mean Ki-67 and p53 labeling indices for benign schwannoma were reported as<5% a) GFAP: glial fibrillary acidic protein, SMA: α-smooth muscle actin. b) AC: autoclave, MW: microwave, Pro-K: Proteinase K. Fig. 1 . At the cut surface, the mass appears solid, firm and greyish-white. Bar=1 cm. Fig. 2 . At low-power view, the mass displays multinodular growth patterns. HE. Bar=500 µm Fig. 3 . The major components of the tumor are epithelioid cells arranged in densely packed sheets. HE. Bar=50 µm. Electron microscopy. Bar=10 µm. Fig. 8 . Tumor cell is surrounded by variable amounts of collagen fibers (cf) and basal lamina (arrows). Intracytoplasmic bundles of microfilaments (mf) and lysosome-like granules are observed in the interdigitating cell processes. N=nucleus, Electron microscopy. Bar=1 µm.
and<1%, whereas those for malignant epithelioid schwannoma were 5-65% and 5-100%, respectively [6] . In the present case, the Ki-67 proliferation index was 35%. The ranges of the Ki-67 and p53 labeling indices in these reports are wide, and the expression of these markers has not been investigated in feline epithelioid schwannoma. However, it was considered that the present results of the immunohistochemistry of Ki-67 suggested malignant properties.
In the present case, the tumor cells sometimes had intranuclear eosinophilic inclusions. These intranuclear inclusions are found in schwannomas and in other tumors including meningiomas [20] , paragangliomas [4] , pheochromocytomas [4] and pituitary tumors [19] . Intranuclear inclusions in these tumors are formed by cytoplasmic invagination and comprise cytoplasmic organelles, such as rough endoplasmic reticulum, the Golgi apparatus and secretory granules [4, 19] . To our knowledge, intranuclear inclusions have not been reported in malignant epithelioid schwannoma in cats. Therefore, further data collection is needed to understand better the relationship between the intranuclear inclusions and malignancy of epithelioid schwannoma in cats.
The most common malignant tumor of the oral cavity in dogs is melanoma [11] . By contrast, oral melanoma is uncommon, and oral amelanotic melanoma is extremely rare in cats [10] . Immunohistochemical analysis shows that both types of oral melanoma strongly express Melan-A and S-100 protein. In the present case, most of the tumor cells stained positively for S-100 protein, GFAP, vimentin and type IV collagen, but all cells were negative for melanomaassociated antigens. In addition, the most characteristic findings in the melanoma, such as melanin pigments, lamellipodia, filopodia and evidence of ruffling and endocytosis, are not observed by electron microscopy [2, 16] . Therefore, the possibility of a tumor originating from melanocytes was excluded from the differential diagnosis.
Distant metastasis and spread of malignant epithelioid schwannomas to regional lymph nodes have been reported in humans, but the rate of metastasis is generally low [8, 9] . In the present case, no evidence of additional tumor growth, invasion or metastasis was found during the 14-month follow-up, and we concluded that this tumor had a low malignancy compared with oral malignant melanoma and that the prognosis was good after complete surgical excision.
